An anatomical and osteometric study of the femoral sulcus angle in adult Malawians.
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Abstract

Background: Femoral sulcus angle is particularly important in clinical evaluation of patellofemoral joint. Individuals show con-
siderable differences in asymmetrical dimensions of the femur.

Obijectives: To determine the size of femoral sulcus angles in adult black Malawians using the skeletal collection in the depart-
ment of Anatomy, College of Medicine and assess their gender differences; to compare femoral sulcus angles of Malawians with
other ethnic groups.

Methods: A cross sectional study was done in which femoral sulcus angles of dry bones were measured using a goniometer.
Results: There is no significant difference in the mean sulcus angles between right and left femora in males (p=0.8100) and fe-
males (p=0.0742); between all males combined and females combined (p=0.8845). There is a significant difference in the mean
between all left femora combined and all right femora combined (p=0.0260).

Conclusion: This study has provided the mean size of the femoral sulcus angle of adult Malawians. These findings suggest that
the size of the sulcus angle cannot determine gender among adult black Malawians suggesting the interpretation that femora
asymmetric dimensions are population specific, which should be considered in the patellofemoral joint evaluation.
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Introduction

The femoral trochlear groove is at the distal part of the
femur. The sulcus angle is formed by joining two lines
from the highest points on the medial and lateral con-
dyles, which meet at the lowest point on the intercondylar
groove'. This angle is particularly important in the clinical
evaluation of the patellofemoral joint'*
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Although there has been evidence from the literature that
the morphology of the femoral trochlear groove in fe-
tuses is similar to that of adults’®, individuals have been
found to show considerable differences not only in the
groove size, but also in all other asymmetrical dimensions
of the femur*‘. The shape of the lower extremity of the
femur is determined early in development, long before
standing and walking’. During development, it has been
demonstrated that the medial condyle is originally larger
than the lateral one. It is because of the characteristic
change in the position of the femur in adults and the es-
tablishment of extension of the knee during walking that
the lateral condyle becomes larger than the medial one
from about 3 years of age™®. Gender differences have
also been related to hormonal and genetic factors, which
affect the closure of epiphyseal plates™'
morphometric studies have shown that there are gender
and ethnic differences in the dimensions of the various
parts of the femur'""?. Additional evidence from previous
studies in Kenya'’, South Africa*’, Nigeria", China® and

'. Moreover, other
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Malawi*!® confirm that differences exist in the distal end
of the femora. In light of the foregoing, it is clear that
femoral dimensions and their characteristics might be
population specific even within the same ethnic grouping
and region. It was because of this that this study was
designed to obtain baseline morphometric data for this
population to determine the size of femoral sulcus an-
gles in adult Malawians using the skeletal collection in the
department of Anatomy, College of Medicine and assess
their gender differences, and to compare femoral sulcus
angles of Malawians with other ethnic groups.

Methods
A total of 196 completely fused femora of 64 males and

34 females, aged 21- 82 years, were studied from the skel-
etal collection in the Department of Anatomy, College
of Medicine, University of Malawi. All femora belonged
to black Malawian population. The bones had already
been categorized by sex and paired (for each individu-
al) using their mass as well as other asymmetrical dimen-
sions. Malformed and broken bones were excluded from
the sample. Measurements of the length of the femur,
heights of lateral and medial condyles, bicondylar width
and depth of the groove were taken on an osteometric
board using sliding calipers and rulers. The sulcus angle
was directly measured on the femur using a goniometer.
This method was adopted and modified from previous
studies as shown in Figure 1"

Figure 1

A
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Figure 1: Method used to measure the sulcus angle. The
sulcus angle was defined by lines joining the highest points
of the medial and lateral condyles and the lowest point
of the intercondylar groove (AB and CB) as described
earlier'”. The angle ABC was then directly measured by
a goniometer. All angle measurements were reported in
degrees.

The study was conducted in accordance with the Anat-
omy Act No. 14 of 1990 and was approved by the Uni-
versity of Malawi’s College of Medicine Research and
Ethics Committee (COMREC) with a clearance number
P02/10/872.

Data analysis

JMP10 (John’s Macintosh Project) software (SAS Insti-
tute, Cary, NC, USA) was used for statistical comparisons
of the means of the femoral sulcus angles of adult male
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and female black Malawians; mean sulcus angles of left
and right male femora; left and right female femora; all
males combined versus all females combined; all right
combined versus all left combined using a one way ANO-
VA followed by Tukey-Kramer post hoc analysis in order
to determine the size of the sulcus angles and assess their
sexual differences if any; and also to compare the mean
femoral sulcus angles of this population with other eth-
nic groups. Differences were considered statistically sig-
nificant when p<0.05.

Results

There was no significant difference in the mean sulcus
angles between the right and left dry femora (p=0.0844);
all males combined and all females combined (p=0.8845).
However, there was a significant difference in the mean

sulcus angles between all left femora combined and all
right femora combined (p=0.0260) (tables 1 and 2).

Aftrican Health Sciences Vol 16 Issue 4, December, 2016



Table 1: Comparison of means of the femoral
sulcus angles of adult Malawian males and females

Variable Males Females

Right Left Right Left
Minimum 144° 127° 135° 116°
Maximum 152° 157° 159° 149°
Mean 142.9° 141.8° 144.3° 140.6°
SE 0.9° 0.9° 1.1° 1.1°

Table 2: A summary of the analysis of variance using a one way ANOVA test to
determine changes in the mean sulcus angles between various femoral groups.

Source df Sum of Mean F- P-value
squares square Ratio
Femoral sulcus angles male left | Group 3 246.08 82.03 2.2539 0.0844
and right, female left and right
Error 152 5531.7 36.39
All males combined versus all
females combined Group 1 0.7940 0.7940 0.0212 0.8845
Error 154 5777.01 37.51
All right combined versus all left | Group 1 183.51 183.52 5.052 0.0260
combined
Error 154 55943 36.33

Significant difference

As presented in table 3, there were also no significant differences between right males and right
females; left males and

As presented in table 3, there were also no significant dif- and left females; right males and left males; all males com-
ferences between right males and right females; left males  bined and all females combined in Malawian population.

TABLE 3
Variable Means P-value Remarks
Right males vs. right females 142.9° vs 144.3° 0.7347 NS
Left males vs. left females 141.8° vs 140.6° 0.8465 NS
Left males vs. right females 141.8° vs 144.3° 0.2625 NS
Left females vs. right males 140.6° vs 142.9° 0.3688 NS
Left males vs. right males 141.8°vs 142.9° 0.8100 NS
Left females vs. right females 140.6° vs 144.3° 0.0742 NS
All males combined vs. all females combined 142.4°vs 142.5° 0.8845 NS
All right combined vs. all left combined 143.6°vs 141.2° 0.0260 S

There were also no significant differences in the mean femoral sulcus angles between the current study and oth-
er studies as shown in Table 4.
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Table 4: Summary of comparison of means of the femoral sulcus

angles of the present study with other studies.

Variable Mean P-value Remarks
The present study, both genders combined 142 .4°

Murshed et al., 2001 study, both genders combined 141.7° >0.05 NS
Brattstrom et al., 1964 study, both genders 142° >0.05 NS

Buard et al., 1981 study, both genders combined 144° >0.05 NS

NS = No significant difference

Discussion

In this study, no significant difference was found in the
mean femoral sulcus angles between males and females.
In a similar study from Turkey conducted on 80 human
dry femora and 100 magnetic resonance images (MRI)
- 50 females, 50 males, Murshed et al reported no sig-
nificant differences in the mean femoral sulcus angles
between males and females'. Similarly, Nietosvaara, as-
serted that no significant difference in the mean sulcus
angle was noted between sexes in a study of 100 knees
of 25 boys and 25 gitls". For this reason, observations of
the present study suggest that the size of the sulcus angle
cannot determine sex in Malawians. This supports earlier
studies that have reported that sexual dimorphism is race
and population specific'®'**">,

Additionally, it has been observed in our study that the
mean femoral sulcus angles for males combined and fe-
males combined are 142.3°%0.8 and 142.5°£0.8 respec-
tively. According to Brattstrom’s and Buard’s work, the
means for both sexes were 142° and 144° respectively **.
Besides that, Murshed et al have reported that the mean is
141.7° if the right and left dry femora for both sexes are
considered together'®. These results are in agreement with
those found in our study. Therefore, our finding does not
only support Brattstrom’s and Buard’s work, but also ex-
tends those of other studies®'™'** who established sev-
eral correlations between various femoral dimensions in
which the sulcus angle was not specifically addressed.

Furthermore, no significant differences were observed
between left males and right males (p = 0.8100). Likewise,
Murshed et al found similar results (p 0.05)". Other
studies also indicate that the sulcus angles are not cor-
related with age, between and within sexes”. Thus, the
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size of the angle cannot determine the side of the femur
and gender of an individual.

However, a significant difference was observed in the
mean sulcus angles between all right femora combined
and all left femora combined (p = 0.0260). Although this
evidence is in variance with the findings of other au-
thors'®”, it could be argued that adult Malawian females
might be using their right limbs more than their left spon-
taneously, or this preference could be due to societal em-
phasis in using one limb more than the other based on
the nature of physical activities in which they are involved
if such activities really shape musculoskeletal systems as
reported by others™.

As already noted, the mean sulcus angle of adult Malawi-
ans is 142.4° . This is in variance with other studies whose
results are several degrees smaller”. Moreover, Mulligan
and Jones applied 3 methods of radiographic projections
to the 74 knees of cadavers and the mean sulcus angles
were 138.6°, 141.6" and 137.4" respectively’’. The Turkish
MRI measurement of the mean sulcus angle was 133.8'.
This means that there are differences in the mean sulcus
angles of different ethnic groups. These variations could
not only be due to geographical, nutritional and genetic
factors, but also different techniques and methodologies
used to assess the angle.

It has been reported that dysplasia of the femoral troch-
lear groove is the most important etiological factor in
recurrent patellar luxation*. Because the lateral femoral
condyle is larger and projects farther interiorly than the
medial condyle, the trochlear groove is thought to pro-
vide bony stability resisting laterally directed forces®. Al-
though some authors® have reported that the decreased
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depth of the intercondylar sulcus is a primary cause of
lateralization of the patella, other investigators'* have hy-
pothesized that abnormal patellar kinematics are a result
of the patella resting above the trochlear groove. More-
over, other studies have indicated that the shape of the
lateral femoral condyle and osteochondritis dissecans
may be associated with the development of patellofemo-
ral lesions which are higher in females than males™.

Earlier studies have shown that a deep patellar groove
with a higher lateral lip has considerable functional signif-
icance related to posture and gait’. Moreover, the lateral
trochlear inclination is an important determinant of pa-
tellar alignment in weight bearing™. This is directly related
to the high bicondylar angle in humans, which explains
why there is a high frequency of lateral patellar luxation
in females than males. On the other hand, other investi-
gators have suggested that the stability of the patella is
more a function of the increased tension of both patellar
and quadriceps tendons as the knee flexes, and not nec-
essarily a function of the depth of the trochlear groove®.
In other words, the stability of the patellar is multi-fac-
torial. For example, lateral subluxation of the patella is
not only associated with high bicondylar angles and low
lateral patellar groove margins, but also the involvement
of the vastus medialis. Variations in the development of
the origin of this muscle are evidenced on the spiral line
of the medial aspect of the linear aspera. Such differenc-
es may well reflect differences in the action of this muscle
in the maintenance of patellar stability”’.

Conclusion

The current study has provided the mean size of the dis-
tal femoral sulcus angle of adult Malawians. There are
no significant gender differences in the size of the fem-
oral sulcus angles. Asymmetric dimensions of the femur
seem to be population specific, which may suggest the
interpretation that this could be genetic, nutrition and
varying life styles. Besides that, the different methodolo-
gies and equipment used to determine the distal femoral
dimensions by different researchers could contribute to
the variations in some parameters. This study is clinically
important in determining the stability of patell-ofemoral
joints.
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